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ABSTRACT: Alfalfa cultivar Crioula (Medicago sativa cv. Crioula) is grown in South Brazil and only a few
studies on the plants’ boron requirement are available. A greenhouse experiment was carried out with alfalfa
to measure boron acquisition, production and distribution in the plant; data on critical level and production
potentials were recorded. Plants were grown in ground quartz added with 1 L of solution, with the following
boron rates: 0, 0.0625, 0.125, 0.25, 0.50, 1.00, and 2.00 mg L-1. Plants were harvested at 46 days of growth.
Forage dry mass was increased by boron supply and dry matter accumulation was considerably low in control.
Boron concentration in the leaves was higher than in the stems or roots. Boron utilization from the external
solution reached 90% at 0.0625 mg L-1 and sharply decreased with further increasing boron rates. Boron
concentration and content in the leaves and in plant tops were at maximum when applied boron was between
1.5 and 1.6 mg L-1. Critical levels of boron in plant were 61 mg kg-1 in the leaves and 39 mg kg-1 in plant tops
for this cultivar of alfalfa.
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NUTRIÇÃO EM BORO E PRODUÇÃO DE ALFAFA CULTIVAR
CRIOULA EM FUNÇÃO DO SUPRIMENTO DE BORO
RESUMO: O cultivar Crioula de alfafa (Medicago sativa cv. Crioula) é utilizado no Sul do Brasil e existem
poucos estudos referentes a sua exigência em boro. Foi conduzido um experimento com alfafa cultivada no
inverno, com o objetivo de avaliar a quantidade de boro absorvido pelas plantas, o efeito de doses de boro na
produção de massa seca, a distribuição do boro nas plantas e obter informações relacionadas à diagnose de
boro nessa forrageira. As doses de 0; 0,0625; 0,125; 0,25; 0,50; 1,00 e 2,00 mg L-1 foram aplicadas no substrato,
colocando-se 1 L de solução nutritiva em cada recipiente. As plantas foram cortadas aos 46 dias após o
transplante. A massa seca da forrageira foi influenciada pelas doses de boro e foi insignificante quando a
solução nutritiva apresentava a mais baixa concentração de boro. A concentração de boro nas folhas foi mais
elevada que nas hastes e nas raízes. A utilização de boro da solução atingiu 90% na dose de 0,0625 mg L-1 e
decresceu acentuadamente com o incremento das doses de boro. A concentração e o conteúdo de boro nas
folhas e na parte aérea da planta foram mais elevados quando o boro se encontrava na solução nutritiva entre
1,5 e 1,6 mg L-1. O nível crítico de boro foi de 61 mg kg-1 nas folhas e 39 mg kg-1 na planta para este cultivar
de alfafa.
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INTRODUCTION
Alfalfa (Medicago sativa L.) is one of the impor-
tant forage crops in South Brazil, where beef and dairy
industries are common (Nuernberg, 1986). It has been
cultivated since the nineteenth century for its high qual-
ity forage and diversity for animal feeding (Botrel &
Alvim, 1994).
Boron is one of the important micronutrients
required for good plant production, and its deficiency
normally reduces the size of the root system and leads to
meristematic tissue death. Gupta (1979a) pointed out
the need for continuous boron supply for good plant
growth. In general, all dicots require higher amount of
boron than monocots, and usually leaf boron concentra-
tion in plants ranges from 10 to 100 mg kg-1 (Dechen et
al., 1991).
Sherrel & Toxopeus (1978) and Gupta (1984)
showed increases in alfalfa dry matter yield when boron
was supplied to the substrate. Haddad & Kaldor (1982)
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reported beneficial effects of boron application to soils
derived from sandstone and granite, but not for some al-
luvial or basic rock derived soils.
Otsubo (1993) grew alfalfa cultivar Crioula in a
soil with medium hot water-extractable boron (0.48 mg
kg-1) at rates ranging from 0 to 4 mg kg-1. Boron avail-
ability in that soil met plant requirement and no change
in forage dry matter was found.
There are few studies available on the B require-
ment of alfalfa cultivar Crioula which is most commonly
grown in Brazil. The objective of this investigation was
to determine: I. the boron acquisition by this alfalfa cul-
tivar; II. the boron need for improving alfalfa production;
III. the boron distribution in the plants; IV. the best cor-
relation of boron concentration with plant dry matter
yield; and V. the critical level of boron in leaf tissue. To
precisely control the level of B in growth medium, cul-
ture experiment was conducted.
MATERIAL AND METHODS
A greenhouse experiment was conducted in plas-
tic pots containing 5 kg ground quartz. Alfalfa (Medicago
sativa L. cv. Crioula) was used for this study with seven
rates of boron ( 0; 0.0625; 0.125; 0.25; 0.50; 1.00; and
2.00 mg L-1) in the nutrient solution. Seeds of alfalfa were
germinated in plastic tray containing washed sand and
seedlings were transferred to pots when they were 5 cm
tall. Five plants were kept in each pot throughout the ex-
periment. The nutrient solution proposed by Sarruge
(1975) was modified to meet the desired boron rates us-
ing boric acid. Each pot received 1 L of nutrient solu-
tion and the loss in volume was compensated each morn-
ing. A nutrient solution corresponding to one-fourth
strength of each boron rate was first supplied to the
plants and replaced to supply the boron rates four days
after, and again 18 and 32 days after starting the experi-
ment.
Plants were harvested at the pre-flowering stage,
46 days after transplanting. At that time, leaves were
separated from the stems and the roots were taken off the
substrate. All plant parts were dried in a forced air-cir-
culating oven at 65ºC, weighed and ground to pass a 2
mm sieve. Forage dry matter yield was obtained by add-
ing up the weight of leaves and stems.
Boron was determined in leaves, stems and roots
samples ashed in an oven at 450ºC; the azomethine colo-
rimetric method was used for determination (Gupta,
1979b). Ratio of boron concentrations in the three plant
parts was calculated. Total concentration of boron in plant
tops was calculated using the boron concentrations and
forage dry matter in the two plant parts. Boron utiliza-
tion was calculated by dividing the total boron contents
in plants by the total boron supplied through each nutri-
ent solution.
A randomized complete block experimental de-
sign with four replications was used. Statistical analysis
were performed by analysis of variance and regression
analysis through linear and non-linear models (SAS In-
stitute, 1989). When appropriated, means were compared
by the Tukey test (α = 0.05). Data on forage dry matter
yield was related to plant boron concentration to obtain
the critical level of this nutrient.
RESULTS AND DISCUSSION
Forage yield was affected by concentration of
boron in the nutrient solution (Figure 1). When boron was
absent or present in very low concentrations (less than
0.1 mg L-1) in the nutrient solution, alfalfa did not grow
and forage dry matter was negligible. Forage dry matter
increased slightly as boron in the solution increased from
0.025 to 2 mg L-1, and this upper limit is much higher
than the 0.5 mg L-1 ordinarily used in the Sarruge’s nu-
trient solution, what confirms that this legume has high
boron requirement (Mengel & Kirkby, 2001).
Separating leaves and stems from plant tops en-
abled to observe that, in both plant parts, dry matter was
increased by boron supply. The models to which data
were fitted are: Y= 4.4561[1-10(-10.9689X)] (R2=0.98) for the
leaf, and Y= 4.3131[1-10(-11.5141X)] (R2=0.96) for the stem
dry matter. Both leaf and stem dry matter changed in simi-
lar amounts as boron rates increased. Such variations was
not observed for sunflower (Helianthus annus L.), which
presented bigger increase in stem than in leaf dry matter
as boron rate increased from 0.1 to 0.5 mg L-1 (Capoani,
2001). Since alfalfa leaf is preferably eaten by animals
and has better nutritive value than stems, these observa-
tions are meaningful.
Boron content in leaves was higher than in the
whole plant tops (Figure 2). The highest boron concen-
tration in leaves (109 mg kg-1) was found when boron in
Figure 1 - Forage dry matter of alfalfa cultivar Crioula as related to
boron rates in the nutrient solution.
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the nutrient solution was 1.62 mg L-1, whereas the
maximum for the plant tops (66 mg kg-1) occurred at
1.53 mg L-1 of nutrient solution. Boron concentrations in
stems or roots were poorly related (R2 = 0.44) to boron
supply. These results agree with those of Smith (1970)
and Rominger et al. (1975), who found higher boron con-
centrations in plant tops than in stems or roots of alfalfa.
In this study, boron concentrations in plant tops
ranged from 11 to 66 mg kg-1. Otsubo (1993) also reported
boron concentrations in plant tops of alfalfa from 43 to 108
mg kg-1. Cihacek (1994) recommend boron concentration
ranging from 30 to 80 mg kg-1 for good alfalfa growth.
The ratios of leaves-to-roots and leaves-to-stems
boron concentrations, which demonstrate the plant part
that more accumulates boron as related to supply, in-
creased from 1.6 to 5.3 and 1.8 to 5.5, respectively, with
increasing boron rates (Figure 3). Boron uptake depends
Figure 2 - Boron concentration in plant top and in the leaves of
alfalfa cultivar Crioula as related to boron rates in the
nutrient solution.
Figure 3 - Ratio of boron concentrations in leaves vs stems and leaves vs roots of alfalfa cultivar Crioula, as related to boron rates in the
nutrient solution.
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on the concentration of boric acid in the external solu-
tion, as demonstrated by Oertli & Grigurevic (1975) with
barley, and by Brown & Hu (1994) with sunflower
(Helianthus annus L.), squash (Cucurbita pepo L.) and
tobacco (Nicotiana tabacum L.). Higher concentration of
boron in leaves than in stems or roots was also cited by
Mengel & Kirkby (2001). This preferential boron loca-
tion in leaves than in stems or roots is related to the loss
of water from the leaves through the transpiration pro-
cess (Marschner, 1995).
Boron recovery from the external medium
changed with boron rates (Figure 4). At boron rate of
0.0625 mg L-1, plants took 90% of the boron supplied dur-
ing the entire experiment (from the four solutions sup-
plied). This high percentage of boron utilization is cer-
tainly due to the passive diffusion of boron into the plants
with the formation of boron complexes, which in turn al-
lows further absorption of this nutrient from the external
medium (Hu & Brown, 1997). As boron rates increased,
the percentage boron utilization sharply decreased to 16.7
and 11.1%, at boron rates of 1.0 and 2.0 mg L-1, respec-
tively. Such kind of plant control (not taken at high part
of boron supplied) of boron uptake is in agreement with
Mengel & Kirkby (2001), who pointed out that boron
transport across plant membranes by passive mechanism
is doubtful.
Boron content in alfalfa plant tops increased as
concentration of boron increased in the nutrient solution
(Figure 5). The maximum amount of boron in the plant
tops (647 µg per pot) was found when boron in the nu-
trient solution was at 1.57 mg L-1. This boron concentra-
tion in the solution is very close to 1.62 and 1.53 mg L-1
observed for maximum boron concentration in the plant
tissue. Since forage dry matter yield did not increase when
boron was higher than 0.5 mg L-1 in the nutrient solution,
these very close values for boron concentration in the so-
lution are related to the accumulation of boron in the top
of alfalfa plants.
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Alfalfa roots accumulated less boron than plant
tops. Even at the highest boron rate in the nutrient solu-
tion, boron in roots did not reach 100 µg per pot, which
was the lowest value for plant tops. The ratio between
boron content in plant tops and roots increased as more
boron was supplied in the nutrient solution. These find-
ings denote a preferential accumulation of boron in plant
tops than in roots of alfalfa.
There was a distinct difference in boron content
in leaves, stems and roots of alfalfa. At the lowest rate
of boron in the solution, roots and stems had each about
one-fourth of the total boron content in plants, and leaves
contained about half that much. With the increasing rates
of boron in the solution, the total boron content in alfalfa
roots and stems decreased to about 13% each, whereas
in leaves, increased 74% of the total boron in the plants.
Increased boron supply creates a steep gradient in boron
content in plant parts, which can even promote boron tox-
icity in cases of high boron supply (Marschner, 1995).
Figure 4 - Percentage boron recovery from the nutrient solution by
the alfalfa cultivar Crioula.
Figure 5 - Boron content in plant tops of alfalfa cultivar Crioula as
related to boron rates in the nutrient solution.
Boron concentration in leaves as well as in
plant tops were correlated to forage dry matter yield. A
second-order model with a correlation coefficient of
0.85 fitted well in both cases (Figures 6 and 7). By us-
ing the 90 % of maximum forage dry matter, the
critical levels of boron in plant tissue were found to
be 61 mg kg-1 in the leaves and 39 mg kg-1 in the plant
tops.
Compiling results from the greenhouse and field
experiments published during 15 years, Melsted et al.
(1969) suggested the concentration of 30 mg kg-1 in plant
tops as critical level for boron in alfalfa. Haddad &
Kaldor (1982) pointed out 25 mg kg-1 as the critical con-
centration for alfalfa, whereas Martin & Matocha (1973)
reported a range of 20 to 30 mg kg-1 in different plant
parts of alfalfa. The critical level of boron obtained in this
experiment for the alfalfa cultivar Crioula was higher than
those recommended by other authors as average for al-
falfa.
Figure 7 - Relationship between boron concentration in plant tops
and forage dry matter of alfalfa cultivar Crioula.
Figure 6 - Relationship between boron concentration in leaves and
forage dry matter of alfalfa cultivar Crioula.
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CONCLUSIONS
Boron supply in the nutrient solution greatly af-
fected forage dry matter yield of alfalfa cultivar Crioula.
Forage dry matter was low at boron rates below
0.1 mg L-1. Concentration of boron in leaves was much
higher than in stems and roots. At very low boron supply,
almost all boron was taken up by the plants and boron ac-
quisition sharply decreased with increasing boron rates.
Boron concentrations in leaves or leaves + stems were
highly correlated with forage dry matter yield. The criti-
cal levels of boron in the cultivar Crioula of alfalfa were
61 mg kg-1 in the leaves and 39 mg kg-1 in the plant tops.
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